Serum from Rous sarcoma virus tumor-bearing rabbits immunoprecipitated from extracts of the freshwater sponge Spongi/la lacustris a tyrosine-specific protein kinase with charact~ristics similar to the chicken pp60c-src kinase activity. An immune competition assay confirmed the relationship between the protein from sponges and viral pp60v-src.
The transforming gene of Rous sarcoma virus (RSV), vsrc, codes for a 60,000-dalton phosphoprotein, pp60v-src (1) , which functions as a tyrosine-specific protein kinase (2, 6) . The corresponding normal cellular counterpart, c-src, also codes for a protein, pp60c-src, which shares structural and functional homology with viral pp60v-src. Sequences homologaus to v-src are present in the genomes of all vertebrates tested so far (7, 9, (13) (14) (15) and have been detected in the genus Drosophila (12) . In this communication, we demoostrate the presence of a protein immunologically and functionally related to pp60v-src in the freshwater sponge Spongilla lacustris. Sponge cell extracts were tested for a tyrosine-specific kinase activity similar to the avian pp6W'c. associated kinase activity. It was shown that the immunoglobulin G heavy chain of tumor-bearing rabbit (TBR) serum could be phosphorylated upon reaction (11) with a sponge cell extract, whereas the reaction with normal rabbit serum was negative (Fig. 1a) . That the 32 P-Iabeled 53,000 (53K) band was indeed the heavy chain of immunoglobulin G was established by running parallel portions of each sample with and without mercaptoethanol, so that under nonreducing conditions, a high-molecular-weight band of 150K could be observed (Fig. 1a) . To prove that the kinase reaction observed actually utilized the same antiborlies in TBR serum as those which took part in the reaction with pp60v-src, an assay was performed in which a limiting amount of serum was reacted with heat-inactivated (50°C for 40 min) sponge extracts (ca. 0.2 mg of protein) before the addition of RSVinfected chicken cell lysates, followed by an in vitro kinase reaction (10) . Preincubation with the heat-inactivated sponge extracts greatly reduced the pp60v-src kinase reaction (Fig.  1b) . Finally, the 53K product of the in vitro protein kinase reaction seen in Fig. 1a wascutout ofthegeland eluted, and phosphoamino acids were analyzed by the method ofHunter and Sefton (6) . The phosphorylated immunoglobulin G heavy chain is exclusively labeled in phosphotyrosine (Fig.  1c) .
Immunoprecipitations with increasing amounts of TBR serum and a constant amount of sponge extract resulted in a maximum kinase activity with 5 J.Ll of serum, whereas after the time dependence of the phosphorylation of heavy chain a * Corresponding author.
1179 maximum incorporation was revealed between 4 and 5 min ( Fig. 1d and e) .
With respect to all reaction characteristics, the protein kinase activity as detected in sponge extracts could not be distinguished from the activity associated with the chicken cell pp60c-src (A. Barnekow and H. Bauer, Biochim. Biophys. Acta, in press)~ Thus, it was reasonable to expect homologaus nucleic acid sequences. To determine whether the cellular homolog, c-src, of the transforming gene of RSV, v-src, is present in the genome of sponges, EcoRI-digested sponge DNA was hybridized to a src-specific probe by using hybridization conditions of moderate stringency. A single fragment of ca. 14.0 kilobases was found to contain sequences homologaus to the v-src gene ( Fig. 2A) . Blot hybridization of polyadenylated RNA indicated that the cellular src-related sequences are transcribed into a single mRNA of ca. 2.2 kilobases in size (Fig. 28) .
Previous systematic studies on the expression of c-src in metazoa gave evidence that the first organisms showing a TBR serum-reactive protein kinase activity during phylogenesis are the sponges (10) . The present communication presents detailed evidence for such a protein kinase activity in S. lacustris. The immunoprecipitating heavy chain becomes phosphorylated, the phosphorylation occurs on tyrosine, and the protein implicated competes with pp60v-src for specific antibodies. Altogether, the data indicate the presence in sponges of a protein largely homologous to pp60c-src. Owing to the problems both of labeling sponges and of the small amounts of material, it has so far not been possible to detect the protein directly or to establish its molecular weight, but Southem blot analysis revealed related sequences in the Spongilla DNA, and expression as RNA could also be detected. Conservation of structural features of proteins across phylogenetic groups has been demonstrated for several proteins: collagen first appears during phylogenesis in sponges (4), and fibronectin has also been shown at this early stage of phylogenesis (8) . We have demonstrated in serum from newbom rabbits bearing RSV tumors a tyrosine-specific protein kinase activity immunologically and functionally homologaus to the pp60v-src in S. lacustris. Parallel experiments performed with Saccharomyces cerevisiae and Tetrahymena thermophila revealed no similar protein kinase activity reactive with TBR serum, and no homology was detectable after hyridization on Southem blots. Hence, these data represent the most distant phylogenetic extension of src gene product homology. lacustris was lysed in extraction buffer by methods described elsewhere (11) , and immunoprecipitation was performed by using either chicken pp60c-m·-reactive TBR serum (1) or normal rabbit serum (NRS). A kinase reaction was performed as previously described (11) , and the products were analyzed on sodium dodecyl sulfate-polyacrylamide gels. Parallel reaction products, using TBR serum, were electrophoresed side-by-side with ( +) mercaptoethanol under reducing conditions or without (-) mercaptoethanol to demoostrate that the reaction substrate has structural properlies like immunoglobulin G. (b) A blocking assay was performed to show that extracts of S. lacustris could compete with pp60v-src for available antibodies. Track 1, Extract of Schmidt-Ruppin RSV (subgroup A)-in(ected chicken embryo cells immunoprecipitated by using limiting amounts of TBR (2 ~1). followed by an in vitro kinase reaction. Track 2, Sampies were prepared as for track 1 except that TBR serumwas prereacted with ca. 0.2 mg of S. lacustris extracts (heat inactivated [10] at 50oC for 40 min) before the addition of the RSVinfected chicken embryo celllysate. Track 3, Protein kinase reaction of heat-inactivated sponge extract to demoostrate loss of activity. (c) The 53K reaction product from (a) was eluted from the gels and hydrolyzed, and the phosphoamino acids were analyzed by the method of Hunterand Sefton (6) . (d and e) Quantitative data for the protein kinase reaction were obtained by varying the amounts of TBR serum and the reaction times. The reactions were performedas above, the 53K reaction products were cut of the gels and solubilized, and the radioactivity was rileasured in a liquid scintillation counter.
We thank H. Bauerand F. Anders for helpful suggestions, R. R. (5), was fractionated on formaldehyde-agarose gels, transferred to a hybridization membrane, and hybridized to the v-src-specific probe under conditions of 35% formamide at 42°C. Washing was performed at 50°C in 1 x SSC. Molecular weights were determined in parallel by using restriction fragments of A DNA and 18S and 28S RNA species (arrows).
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